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(57) ABSTRACT 

Bending generated in a side of a device mounting surface of 
an organic resin substrate after an assembly process for a 
semiconductor device is inhibited, thereby providing an 
improved production yield. A semiconductor device 100 is 
formed by solder-joining a semiconductor chip 105 onto a 
device mounting surface 111 of an interposer that is com 
posed of an organic resin substrate 101. The interposer is an 
interposer, Which is composed of an organic resin substrate 
101, and on one surface of Which a semiconductor chip 105 
is to be mounted, and has a convex curvature in a side of a 
back surface 113 opposite to the device mounting surface 
111, in a condition before an assembling process for the 
semiconductor device 100. 

105109 



Patent Application Publication Oct. 12, 2006 Sheet 1 0f 16 US 2006/0226538 A1 

FIG. 1’ 



Patent Application Publication Oct. 12, 2006 Sheet 2 0f 16 US 2006/0226538 A1 

‘FIG. 2 ' 

111 

101 

1131 

102 



Patent Application Publication Oct. 12, 2006 Sheet 3 0f 16 US 2006/0226538 A1 

‘FIG-.3 

7125 
103 127 

\\\\ 



Patent Application Publication Oct. 12, 2006 Sheet 4 0f 16 

FIG. 4 

A . 

US 2006/0226538 A1 

141a141b 141C 

129 





Patent Application Publication Oct. 12, 2006 Sheet 6 0f 16 US 2006/0226538 A1 

105 

107; 

103 

101 _102 
\ \ 

0 

103 

101 T02 

103 _ 

101- 102 

105 _ 



Patent Application Publication Oct. 12, 2006 Sheet 7 0f 16 US 2006/0226538 A1 

FIG. 7A 

103 

101 102‘ 

FIG. 7B 

_ 101 102 

101 102 

103 

" _ 

74 

109 
100 



Patent Application Publication Oct. 12, 2006 Sheet 8 0f 16 US 2006/0226538 A1 

FIG. '8 

155 
-1 53 

151 

157 

150 



Patent Application Publication Oct. 12, 2006 Sheet 9 0f 16 US 2006/0226538 A1 

FIG. 9 

150~ 

113 



Patent Application Publication Oct. 12, 2006 Sheet 10 0f 16 US 2006/0226538 A1 

FIG. 10 

' 151 -' 

157 _ 153 

137 

150' 

‘I57 



Patent Application Publication Oct. 12, 2006 Sheet 11 0f 16 US 2006/0226538 A1 

FIG. 11 

1 39 

137 

150 



Patent Application Publication Oct. 12, 2006 Sheet 12 0f 16 US 2006/0226538 A1 

FIG. 12 

EXAMPLE 2 ' v 

/ EXAMPLE 1 

- / " I ./ 

1001) 

(11m) 

LEVEL OF BENDING AFTER UV CURE 

0.0 

#1 #2 #3 #4 #5 #6 #7 #8 #9 #1035111 #12#13 

LOT NO. 1 



Patent Application Publication Oct. 12, 2006 Sheet 13 0f 16 US 2006/0226538 A1 

' FIG. v13 

251v 255 253 

257 



Patent Application Publication Oct. 12, 2006 Sheet 14 0f 16 US 2006/0226538 A1 

FIG. 14A 
205 

207 

253 

251 

FIG. 14B 205 

253 

la w_ 251 

FIG. 14C I 

205 207 



Patent Application Publication Oct. 12, 2006 Sheet 15 0f 16 US 2006/0226538 A1 

253 

I 251 

'253 
251 

200 



Patent Application Publication Oct. 12, 2006 Sheet 16 0f 16 US 2006/0226538 A1 

FIG. 16 

EUTECTIC SOLDER 
(INCLUDING CORE OF HIGH 
MELTING POINT SOLDER) 

LEAD FREE SOLD ER 

SINGLE ORGANIC AFTER JOINING AFTER FORMING AFTER INSTALLING 
RESIN SUBSTRATE SEMICONDUCTOR UNDERFILL LAYER HEAT SPREADER 

CHIP . ' 

PROCESSES 



US 2006/0226538 A1 

INTERPOSER AND SEMICONDUCTOR DEVICE 
EMPLOYING SAME, AND METHOD FOR 

MANUFACTURING SEMICONDUCTOR DEVICE 

[0001] This application is based on Japanese patent appli 
cation No. 2005-ll3,274, the content of Which is incorpo 
rated hereinto by reference. 

BACKGROUND 

[0002] 1. Technical Field 

[0003] The present invention relates to an interposer and a 
semiconductor device employing thereof, and also relates to 
a method for manufacturing a semiconductor device. 

[0004] 2. RelatedArt 

[0005] Conventional technologies for ?ip-bonding a semi 
conductor chip onto a substrate (interposer) includes tech 
nologies described in Japanese Patent Laid-Open No. 2000 
323,624, Japanese Patent Laid-Open No. Hl0-326,800 
(1998) and Japanese Patent Laid-Open No. 2004-3ll,574. 

[0006] Japanese Patent Laid-Open No. 2000-323,624 
describes a bending of an insulating substrate, Which is 
occurred When an under?ll resin disposed betWeen a semi 
conductor chip and the insulating substrate is cured, in a 
process for manufacturing a ball grid array (BGA) package. 
In addition, an attempt of reducing the level of the bending 
by suitably adjusting a injecting quantity of the under?ll 
resin is also described in Japanese Patent Laid-Open No. 
2000-323,624. 
[0007] Japanese Patent Laid-Open No. Hl0-326,800 
describes a technology for preventing a bending of a pack 
age by providing an encapsulation With a resin in a metal 
mold including a concave geometry, after a semiconductor 
device is mounted on a substrate. 

[0008] Japanese Patent Laid-Open No. 2004-3ll,574 
describes a technology for inhibiting a bending of a semi 
conductor chip or an interconnect substrate by having a 
varied thickness of an interposer composed of silicon along 
a Width-direction. 

SUMMARY OF THE INVENTION 

[0009] HoWever, the present inventors have further inves 
tigated these technologies, and have found that smaller 
thickness of the interposer than the interposer made of 
silicon employed in Japanese Patent Laid-Open No. 2004 
3ll,574 is often employed, in particular, When a semicon 
ductor package is assembled employing an interposer 
including a substrate made of an organic resin. In addition, 
such interposer is made of a material having poor sti?‘ness, 
as compared With silicon. Consequently, su?icient stiffness 
of such interposer for Withstanding a bending generated by 
factors such as a difference in thermal expansion coe?icient 
betWeen the semiconductor chip and the interposer, a shrink 
age occurred in a cure of a liquid resin and the like, cannot 
be ensured, and therefore a side of a device mounting 
surface of the interposer is easily bent to form a convex 
shape after the completion of the assembly of the semicon 
ductor package. Further, speci?cation in ?atness after the 
assembly (co-planarity) cannot be satis?ed, even if the 
technology described in the above-described in Japanese 
Patent Laid-Open No. 2000-323,624 is employed, and thus 
there is a concern that production yield of devices may be 
reduced. 
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[0010] In addition, since the technology described in J apa 
nese Patent Laid-Open No. Hl0-326,800 involves conduct 
ing a processing for bending the substrate after the semi 
conductor is mounted on the sub strate, there is a concern that 
the semiconductor may be damaged in such processing. 

[0011] According to one aspect of the present invention, 
there is provided a method for manufacturing a semicon 
ductor device, comprising: forming a concave surface on an 
organic resin substrate by bending the organic resin substrate 
so as to provide a concave curvature in a side of a device 

mounting surface of the organic resin substrate; and joining 
a semiconductor device on the organic resin substrate by 
disposing the semiconductor device on the concave surface 
and heating thereof; Wherein the concave surface is stretched 
in the joining the semiconductor device to provide a pla 
nariZed surface. 

[0012] In the method for manufacturing the semiconduc 
tor device according to the present invention, the concave 
surface formed in the side of the organic resin substrate is 
stretched in the operation of joining the semiconductor 
device to provide a planariZed surface. Consequently, since 
an improved ?atness of the organic resin substrate can be 
presented after the operation of joining the semiconductor 
device, a production yield can be improved. 

[0013] According to another aspect of the present inven 
tion, there is provided an interposer, Which is composed of 
an organic resin substrate, and on one surface of Which a 
semiconductor device is to be mounted, and Which has a 
convex curvature in a side of the back surface opposite to the 
device mounting surface. 

[0014] The interposer according to the present invention is 
composed of an organic resin substrate, and has a convex 
curvature in the side of the back surface opposite to the 
device mounting surface. Consequently, the geometry of the 
device mounting surface of the interposer according to the 
present invention before mounting the device is a concave 
shape. Thus, the convex curvature of the organic resin 
substrate in the side of the device mounting surface created 
by the bending When the semiconductor device is joined 
onto the device mounting surface alloWs compensating an 
inverted bending previously occurred in the organic resin 
substrate, thereby providing the con?guration exhibiting an 
improved ?atness of the organic resin substrate after mount 
ing the semiconductor device. 

[0015] According to further aspect of the present inven 
tion, there is provided a semiconductor device, comprising 
the aforementioned interposer and the semiconductor 
device, Wherein the semiconductor device is solder-joined 
onto the device mounting surface. 

[0016] In the semiconductor device according to the 
present invention, the semiconductor device is solder-joined 
onto the above-described device mounting surface of the 
interposer. Consequently, the bending created in the inter 
poser in the solder-joining process alloWs compensating the 
inverted curvature previously provided to the interposer, 
thereby providing the con?guration exhibiting an improved 
?atness and planariZation of the organic resin substrate of 
the interposer. Consequently, higher level of a satisfaction 
for the requirement in the ?atness of the substrate can be 
achieved, thereby providing the con?guration that can 
exhibit an improved production yield. 
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[0017] It is to be understood that the invention is capable 
of use in various other combinations, modi?cations, and 
environments, and any other exchange of the expression 
betWeen the method and device or the like according to the 
present invention may be effective as an alternative of an 
embodiment according to the present invention. 

[0018] For example, according to the present invention, a 
semiconductor device formed by the aforementioned 
method for manufacturing the semiconductor device may be 
presented. 

[0019] Since the interposer composed of an organic resin 
substrate has a convex curvature in the side of the back 
surface opposite to the device mounting surface according to 
the present invention, a curvature created in the organic resin 
substrate in the side of the device mounting surface after the 
assembly of the semiconductor device can be decreased, 
thereby providing an improved production yield of the 
product. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The above and other objects, advantages and fea 
tures of the present invention Will be more apparent from the 
folloWing description taken in conjunction With the accom 
panying draWings, in Which: 

[0021] FIG. 1 is a cross-sectional vieW, illustrating a 
con?guration of a semiconductor device in an embodiment 
of the present invention; 

[0022] FIG. 2 is a cross-sectional vieW, illustrating a 
con?guration of an interposer in the embodiment of the 
present invention; 

[0023] FIG. 3 is a cross-sectional vieW, illustrating a 
con?guration of a jig for creating a curvature in the inter 
poser; 

[0024] FIG. 4 is a schematic diagram, useful in describing 
the con?guration of the jig for creating a curvature in the 
interposer; 

[0025] FIG. 5 is a schematic diagram, useful in describing 
the con?guration of the jig for creating a curvature in the 
interposer; 

[0026] FIGS. 6A to 6C are cross-sectional vieWs, illus 
trating a process for manufacturing the semiconductor 
device shoWn in FIG. 1; 

[0027] FIGS. 7A to 7C are cross-sectional vieWs, illus 
trating a process for manufacturing the semiconductor 
device shoWn in FIG. 1; 

[0028] FIG. 8 is a perspective vieW, illustrating a con 
?guration of an interposer in an embodiment of the present 
invention; 

[0029] FIG. 9 is a cross-sectional vieW of the interposer 
shoWn in FIG. 9 along line B-B'; 

[0030] FIG. 10 includes exploded perspective vieWs, use 
ful in describing a method for manufacturing the interposer 
shoWn in FIG. 8; 

[0031] FIG. 11 includes cross-sectional vieWs, useful in 
describing a process for manufacturing the interposer shoWn 
in FIG. 8; 

Oct. 12, 2006 

[0032] FIG. 12 is a graph, shoWing level of bending of the 
substrate generated in the process for manufacturing semi 
conductor devices in an example; 

[0033] FIG. 13 includes exploded perspective vieWs, use 
ful in describing a con?guration and a method for manu 
facturing the conventional interposer; 

[0034] FIGS. 14A to 14 C are cross-sectional vieWs, 
illustrating the process for manufacturing the conventional 
semiconductor device; 

[0035] FIGS. 15A to 15 C are cross-sectional vieWs, 
illustrating the process for manufacturing the conventional 
semiconductor device; and 

[0036] FIG. 16 is a graph, schematically illustrates rela 
tionships of the process for manufacturing the semiconduc 
tor device With the level of the bending in the substrate. 

DETAILED DESCRIPTION 

[0037] The invention Will be noW described herein With 
reference to illustrative embodiments. Those skilled in the 
art Will recogniZe that many alternative embodiments can be 
accomplished using the teachings of the present invention 
and that the invention is not limited to the embodiments 
illustrated for explanatory purposed. 

[0038] First of all, for better understanding of the present 
invention, conventional processes for manufacturing semi 
conductor devices described in the above description of the 
summary of the invention and the bending created during the 
manufacture is described. 

[0039] FIG. 13 includes perspective vieWs, describing a 
con?guration of a conventional interposer and method for 
manufacturing thereof. An interposer shoWn in FIG. 13 is 
composed of an organic resin substrate 251. Further, a 
stiffener 253 is stacked on a device mounting surface of the 
organic resin substrate 251 via a ?at pressing process to 
compose a multiple-layered member 250. An opening 255 is 
formed at a position in stiffener 253 corresponding to a 
chip-mounting region 257 of the organic resin substrate 251, 
and the chip-mounting region 257 is exposed out from the 
opening 255. 

[0040] While the organic resin substrate 251 is manufac 
tured so that the interposer itself maintains a certain level of 
?atness in the con?guration shoWn in FIG. 13, the substrate, 
in reality, may include a convex curvature in a side of the 
device mounting surface due to a bending before mounting 
the semiconductor chip thereon. 

[0041] FIG. 14A to FIG. 14C and FIG. 15A to FIG. 15C 
are cross-sectional vieWs, illustrating a process for manu 
facturing the semiconductor device that employs the inter 
poser shoWn in FIG. 13. 

[0042] First of all, as shoWn in FIG. 14A, the multiple 
layered member 250 and a semiconductor chip 205 are 
prepared. The device-forming surface of the semiconductor 
chip 205 is provided With solder balls 207. Then, the 
semiconductor chip 205 is disposed on the organic resin 
substrate 251 (FIG. 14B), and the substrate is heated to 
cause a re?oW of the solder ball 207, solder-joining thereof 
onto the organic resin substrate 251 (FIG. 14C). In this 
process for providing the junction, the organic resin sub 
strate 251 is bent to form a convex surface in the side of the 
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device mounting surface (FIG. 15A). Although the factor 
thereof is not necessarily clear, it is considered that the factor 
thereof may be a difference in thermal expansion coe?icient 
betWeen the organic resin substrate 251 and the semicon 
ductor chip 205, or a difference in sti?fness betWeen the 
substrate and a solder ball 207. 

[0043] Then, the obtained semiconductor device is cooled 
doWn to a room temperature (FIG. 15B), and thereafter, a 
liquid under?ll resin is supplied betWeen the semiconductor 
chip 205 and the organic resin substrate 251 to ?ll the spaces 
formed therebetWeen, and the under?ll resin is heated to be 
cured, forming under?ll layers 209 (FIG. 15C). In the 
process for forming the under?ll layer 209, the organic resin 
substrate 251 is also bent to form a convex surface in the side 
of the device mounting surface, due to a shrinkage of the 
under?ll resin occurred in the curing process, or the like. In 
this Way, a semiconductor device 200 shoWn in FIG. 15C is 
obtained. 

[0044] As described above, since the organic resin sub 
strate 251 is composed of a material having higher thermal 
expansion coefficient and loWer elastic modulus, as com 
pared With silicon, in the conventional semiconductor device 
200, it is di?icult to reduce a generation of bending in the 
assembly process even if a stiffener 253 is employed for 
ensuring a ?atness of the substrate, and in particular, it is 
further di?icult When the organic resin substrate 251 having 
a thickness of equal to or less than 1.1 mm is employed, and 
therefore the bending of the organic resin substrate 251 is 
eventually remarkable in the stage of a completion of the 
manufacture of the semiconductor device 200, as shoWn in 
FIG. 15C. 

[0045] Levels of such bending of the substrate are gener 
ally larger, and When, for example, the organic resin sub 
strate 251 of 50 mm square is employed, the level of such 
bending may be equal to or larger than 200 [3111, and more 
considerable case, the level of such bending may be equal to 
or larger than 250 um, leading to a situation, in Which the 
substrate cannot satisfy a ?atness speci?cation required for 
semiconductor packages. The ?atness speci?cation required 
in the case of employing the substrate having the above 
described dimension is generally, for example, equal to or 
loWer than 200 um, and preferably equal to or loWer than 
150 um. Consequently, it is often experienced that the 
required ?atness speci?cation can not be satis?ed, even 
though a cover member called a lid (heat spreader) is 
provided on the stiffener 253 after the process shoWn in 
FIG. 15C. 

[0046] FIG. 16 is a graph, schematically illustrates rela 
tionships betWeen the steps in the process for assembling the 
semiconductor device 200 and the levels of bending. In FIG. 
16, a level of bending is determined to be a height of a 
highest point of the device mounting surface, When the 
organic resin substrate 251 is disposed on a ?at plane so that 
the device mounting surface faces toWard an upWard direc 
tion. As represented by a solid line in FIG. 16, When a 
composition composed of a core of a high melting point 
solder and a cladding of eutectic solder covering the core is 
employed for the solder ball 207, bending is considerably 
caused in the process for forming the under?ll layer 209. In 
addition, When the solder ball 207 is composed of lead free 
solder, higher stiffness of the solder ball 207 is obtained, as 
represented by dotted line in FIG. 16, such that the organic 
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resin substrate 251 is raised in the process for forming a 
junction With the semiconductor chip 205, causing a con 
siderable bending. 

[0047] As such, although the process for the generation of 
bending is different, depending on the material of the solder 
ball 207, it is di?icult to inhibit the generation of bending in 
the organic resin substrate 251 in the thermal treatment 
process in the assembly of the conventional semiconductor 
device 200. 

[0048] Consequently, the present inventors have eagerly 
conducted investigations for providing a better solution for 
inhibiting the bending after the assembly of the semicon 
ductor device on the basis of the above-described scienti?c 
knoWledge. As a result, it is found that the bending of the 
organic resin substrate in the package after the completion of 
the manufacture can be considerably reduced, by previously 
providing a convex curvature in the side of the back surface 
of device mounting surface in the organic resin substrate, on 
Which a semiconductor chip is mounted, before mounting 
the chip thereon. Preferable embodiments according to the 
present invention Will be described as folloWs in further 
detail, in reference to the annexed ?gures. In all ?gures, 
identical numeral is assigned to an element commonly 
appeared in the ?gures, and the detailed description thereof 
Will not be presented. Although cases that a sti?fener is 
joined onto an organic resin substrate Will be described in 
the folloWing exemplary implementations, a sti?fener is not 
indispensable, and it is su?icient if a con?guration including 
an interposer composed of an organic resin substrate is 
employed. 

First Embodiment 

[0049] FIG. 2 is a cross-sectional vieW, illustrating a 
con?guration of an interposer of the present embodiment. 
FIG. 1 is a cross-sectional vieW, illustrating a con?guration 
of a semiconductor device produced by employing the 
interposer shoWn in FIG. 2. The interposer shoWn in FIG. 
2 is an interposer, Which is composed of an organic resin 
substrate 101, and on one surface of Which a semiconductor 
device (semiconductor chip 105 shoWn in FIG. 1) is 
mounted, and has a convex curvature in a side of a back 
surface 113 opposite to the device mounting surface 111. A 
height of a highest point of the device mounting surface 111 
from a ?at plane is, for example, 10 pm or more and 150 pm 
or less, When an organic resin substrate 101 of the interposer 
is disposed on the ?at plane so that the back surface 113 
faces toWard an upWard direction. In addition, a stiffener 103 
that surrounds the device mounting region is joined to the 
device mounting surface of the organic resin substrate 101 
to form a multiple-layered member 102. 

[0050] The con?guration of the multiple-layered member 
102 Will be described in more detail hereinafter. The mul 
tiple-layered member 102 is formed by disposing the stiff 
ener 103 on the device mounting surface 111 of the organic 
resin substrate 101. The stiffener 103 is adhered to a periph 
ery of the device mounting region of the organic resin 
substrate 101 through an adhesive layer (not shoWn). Here, 
the device mounting surface 111 is a surface, on Which a 
semiconductor chip is mounted in a later process. 

[0051] A dimension of the organic resin substrate 101 may 
be determined according to a dimension of a semiconductor 
chip to be mounted on the organic resin substrate 101, and 












